3GPP TSG RAN WG1 Meeting #94bis	R1-1811949
Chengdu, China, October 8 – 12, 2018

Agenda Item:	7.2.6.1
Source:	Huawei, HiSilicon
Title:	Summary of 7.2.6.1 Remaining details on evaluation methodology 
Document for:	Discussion and decision 

[bookmark: _Ref124589705][bookmark: _Ref129681862][bookmark: _Ref129681832]Introduction
In order to establish the baseline performance achievable with Rel-15 URLLC and to investigate the necessary improvement for the prioritized URLLC use cases, evaluations and simulations may be needed. Such evaluations and simulations can be used as appropriate and as needed in this study item. Some agreements on evaluation assumptions and methodology were achieved by the discussion in the RAN1#94 meeting and by the email discussion after RAN1#94 meeting. Remaining details on the evaluation methodology are to be discussed and completed in RAN1#94bis meeting. The related contributions are submitted under agenda item 7.2.6.1.
This document summarizes the key issues discussed under agenda item 7.2.6.1 based on the views expressed in the contributions submitted to this agenda as listed in the Appendix and the views shared during the email discussion as summarized in [2].
Details of the table of representative use cases for evaluation 
[bookmark: OLE_LINK27]According to the summary of email discussion [94-NR-06] on additional simulation assumptions, 11 companies shared views on the details of the representative use cases for evaluation and it was proposed to further discuss the table of representative use cases for selection for evaluation with the following table as the starting point [2]:    
	Use case
(Clause #)
	Reliability (%)
	Latency (ms)
	# of UEs
(per cell)
	Data packet size and traffic model
	Description 

	Transport Industry
(22.186: 5.5)
	[99.999]
	[5] (end to end latency)
	[30] 

	DL: [TBD] byte; ftp model 3 with arrival interval [TBD] s
UL: [TBD] byte; Periodic with arrival interval [TBD] s 
	Remote driving 


	Power distribution
(22.804:5.6.4 &5.6.6)
	99.9999
	5(end to end latency)
	8
	DL & UL:
[80] byte 
ftp model 3 with arrival interval 100ms
	Power distribution grid fault and outage management 

	
	[99.999] 
	15(end to end latency)
	8
	DL & UL:
250 byte 
Periodic and deterministic with arrival interval 0.833 ms
	Differential protection

	Factory automation

	99.9999
	[2](end to end latency)
	 4, [40]
	DL & UL:
20 byte,  50 byte
Periodic and aperiodic deterministic traffic model
Note: Other value e.g. 32 bytes is not precluded
	Motion control

	Rel-15 enabled use case (e.g. AR/VR)  
	99.999, [99.9] 
	[bookmark: OLE_LINK17][1ms to 7ms] (air interface delay)
	1, 5, 10, 20
	DL & UL:
[32, 200, 4096, 10 K] bytes 
FTP model 2/3 or periodic with different arrival rates
	Companies report the combination of the requirement 


· All the entries in the above table are subject to further discussion which can be revisited in the next meeting
· Note: The details on above the requirements can refer to R1-1809337.
· Note: 3ms ~ 10ms CN delay for differential protection (i.e. power distribution case 2) could be considered.
· Note: Rel-15 higher layer mechanisms for reliability may be applicable for achieving the reliability requirement
· Note: The reliability and latency are as defined in 22.186.  
· Note: For AR/VR, the requirement can refer to section 7.2.3 in TS 22.261. 
· Note: FFS whether the packet size is based on application layer or L2/L3. The packet size listed in the table needs to further discussed, especially depending on the outcome of whether the packet size is based on application layer or L2/L3
· Further discussion on how to map the requirements (e.g., reliability, latency, etc.) to RAN-level requirements
· FFS which section in TR 22.804 is used as the reference for factory automation  
· Further discussion on whether to set some certain percentage of UEs for remote driving
In addition, several companies further discuss the details of the table of representative use cases for selection for evaluation [1][3][4][5][6][7][9][10][11][12].
Remaining details for remote driving
Several companies provide views on the details for remote driving [1][2][3][4][7][9][10][11].
  Packet size 
Several companies shared views on the packet size for remote driving [2][4][7][9][11].
· Option 1 (2 streams 720p@60fps video, plus sensors): 2083 bytes for DL and 5220 bytes for UL
· Huawei, HiSilicon, CMCC, CATT, China Southern Power Grid
· Option 2: 375 bytes for DL and 9375 bytes for UL by using equation Packet size = Data rate * (end-to-end latency) * (air interface latency/end-to-end latency). 
· Samsung 
· Option 3: (2 streams 4K@60fps video, plus sensors): 2083 bytes for DL and 52083 bytes for UL.
· Huawei, HiSilicon

In addition, ZTE and Intel provided some discussion related to packet size. Intel feels we should adopt scaling of DL and UL data rate according to UE speed, e.g. low UE speed may correspond to low data rate while higher UE speed may correspond to high data rate. ZTE clarified the definition of code rate of video stream and actual transmission speed.  
Feature lead view and suggestion:
It seems more reasonable to assume that the date rate 1 Mbps for DL and 25 Mbps for UL is date rate not the typical physical layer experienced date rate, according to the descriptions in 22.804 and the website https://www.guru3d.com/news-story/hevc-h-265-to-achieve-4k-video-at-60fps-using-10mbps.html, and it seems difficult for SA group to figure out the potential air interface latency to achieve the experienced data rate. Thus ZTE and Samsung are encouraged to consider whether option 1 is acceptable for you. Huawei proposed to take both option 1 and option 3 for remote driving, Huawei are encouraged to only take option 1. More inputs and views from other companies are encouraged also. 
Based on the current input and the above analysis, it seems option 1 achieves more support. Therefore, the following proposal is provided for now:  
Proposal 2.1-1: Set 2083 bytes for DL and 5220 bytes for UL as the packet size for remote driving in the table of representative use cases for evaluation.  
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  Traffic model  
Several companies shared views on the traffic model for remote driving [2][4][7][9][11].
· Option 1: FTP model 3 with Poisson-distributed arrival rate of 60 packet/sec for DL, and Periodic with arrival interval 1/60 sec for UL   
· Huawei, HiSilicon, CMCC, China Southern Power Grid
· Option 2: Both aperiodic (e.g. FTP model 3 with arrival rate of 60 packet/sec) traffic model and periodic traffic model with arrival interval 1/60 sec for both DL and UL   
· Samsung, LG
· Option 3: Periodic traffic model with arrival interval 1/60 sec for both DL and UL   
· CATT
Feature lead view and suggestion:
It seems more reasonable that downlink control signaling is transmitted in an on-demand manner, i.e. in an aperiodic traffic model. However, for progress companies are encouraged to compromise to option 2. Therefore, the following proposal is provided for now:  
Proposal 2.1-2: Support both aperiodic (e.g. FTP model 3 with arrival rate of 60 packet/sec) traffic model and periodic traffic model with arrival interval 1/60 sec for both DL and UL for remote driving in the table of representative use cases for evaluation.  
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  Number of UEs per cell 
Several companies shared views on the number of UEs per cell for remote driving [2][3][4][7][9][10].
· Option 1: 47 for urban macro and 61 for highway
· Huawei, HiSilicon, 
· Option 2: 1 or 2 UEs
· LG, ZTE, Samsung,
· Option 3: 10-20% of 48 vehicles for urban macro
· CATT

In addition, ZTE and Intel provided some discussion related to the number of UEs per cell. Intel proposed to model different UE densities by varying mean time-ahead value or by randomly picking a fraction of the vehicles from the dropped UE. ZTE proposed that the Lambda of spatial Poisson process should be used in remote driving scenarios instead of fixed number of UEs per cell.   
Feature lead view and suggestion:
It seems the main concern from companies is that the number of remote driving users is not equal to the maximum number of users per cell. On the one hand, it seems reasonable that at the first stage of remote driving application, there would be only a certain percentage of users for remote driving. On the other hand, the study of URLLC should target for the more mature stage of the use case, where there would be a large number of UEs enabling remote driving.
For progress, a possible compromise solution is to set more than one values for the percentage of users for remote driving for evaluation. According to the current inputs, it seems both Huawei and CATT share similar view that the maximum number of UEs per cell is about 48. Then two or three values for the percentage of users can be considered, e.g. 20%, 50%, 90% corresponding to ~10, ~29, ~43. To reduce the simulation workload, it seems better to only pick two of them for evaluation, e.g. 10 and 30. Therefore, the following proposal is provided for now:  
Proposal 2.1-3: Set 10 and 30 as the number of users per cell for remote driving in the table of representative use cases for evaluation. 

	Company
	View

	
	

	
	

	
	

	
	



  Reliability and latency  
Samsung [11] proposed to use reliability of 99.9% for video and 99.999% for sensor for remote driving. Intel [10] proposed to add 17 ms air interface latency for remote driving. Huawei, HiSilicon, DOCOMO, CMCC, ZTE and LG [2] support the assumption of 3 ms CN delay for remote driving with the assumption of 5 ms end-to-end latency.   
Feature lead view and suggestion:
Support of different reliabilities for video and sensor data would make it more complicate in simulation. In addition, since the TS 22.186 explicitly define the reliability of 99.999% for remote driving, it seems better to strive for meeting the requirement. Therefore, it seems better to keep 99.999% as the reliability requirement for remote driving.
As to additionally adding the latency of 17 ms, it seems the requirement is a little bit relaxed and should not be the target case of URLLC. In addition, if we already have 5 ms end-to-end latency, usually there is no issue to support 17 ms air interface latency.        
Proposal 2.1-4: Remove the bracket on the reliability and end to end latency for remote driving in the table of representative use cases for selection for evaluation. 
Proposal 2.1-5: 2 ms air interface latency is assumed for evaluation for remote driving, with the assumption of 3 ms CN delay in 5 ms end-to-end latency. Other values for evaluation are not precluded.
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  Other considerations  
Ericsson [1] proposed intelligent transport system for transport industry with the requirement as below:   
	Transport Industry
(23.501: 5.7.4)
	99.999%
	30ms end-to-end, 25ms at physical layer 
	L2/L3 SDU = 1354 bytes,
TB size = 1370 bytes
	Intelligent transport systems



Feature lead view and suggestion:
According to the updated SID [RP-182089], remote driving is explicitly included for transport industry, therefore the URLLC study at least should target for remote driving. In addition, compared to remote driving, the requirement for intelligent transport system is really relaxed, e.g. 30 ms end-to-end latency. Therefore, if the requirement of remote driving can be met, there should be no issue to meet the requirement for intelligent transport system. Therefore, it seems no need to specifically evaluate this use case. If needed, it can be captured in the TR 38.824 as the related use case for Rel-16 URLLC.   

Remaining details for power distribution 
A few companies provide further views on the details for power distribution [1][2][7][9][11].
  Packet size 
Samsung [11] proposed to only include case with packet size of 100 bytes, latency of 5ms and the UE number of 10~50 to minimize evaluation workload for power distribution. CATT [7] proposed 100~250 bytes for grid fault and outage management. 
According to the discussion in previous meeting, CMCC and China southern power grid explicitly expressed their interest on differential protection and also provided the typical value of requirements like packet size and reliability. Therefore, at least differential protection should be kept with the proposed values. However, according to the inputs from Samsung and CATT, the packet size for grid fault and outage management can be changed to 100 bytes.  
Proposal 2.2-1: Remove the bracket on the reliability for differential protection in the table of representative use cases for selection for evaluation. 
Proposal 2.2-2: Set 100 bytes as the packet size for power distribution grid fault and outage management in the table of representative use cases for evaluation. 
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  Other considerations  
Ericsson [1] proposed electricity distribution – high voltage for power distribution with the requirement as below:   
	Power distribution
(22.261:7.2.2)
	99.999%
	7ms end-to-end, 3ms at physical layer
	L2/L3 SDU = 112 bytes 
TB size = 128 bytes

	Electricity Distribution- high voltage



Feature lead view and suggestion:
It seems some clarifications are needed for the value in the above table. Firstly, it seems 5 ms end-to-end latency is defined in section 7.2.2 in 22.261, while 7 ms was given here. In addition, seems more inputs on other parameters like traffic model and data arrival rate are needed. If other companies also have interest on this use case with complete values for the requirement, maybe we can consider it as one of the use case for power distribution for evaluation.      
Proposal 2.2-3: Companies are encouraged to share more views on the use case of electricity distribution-high voltage.   
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Remaining details for factory automation 
Several companies provide further views on the details for factory automation [1][2][7][9][11].
  Packet size 
A few companies shared further consideration on the packet size for factory automation [1][7][9][11]. Ericsson [1] and CATT [7] proposed to only list 32 bytes including header overhead for evaluation, and Samsung proposed to only list 40 bytes without header overhead for evaluation. Huawei proposed 20 bytes without head overhead for evaluation.    
Feature lead view and suggestion:
If we can achieve consensus to set only one single value for evaluation, that would be very helpful. In the current table, both 20 bytes and 50 bytes are listed. According to the additional inputs from Ericsson, CATT and Samsung, if we really want to set one single value, then seems 40 bytes without header overhead can be a good compromise.
As to the header overhead, Qualcomm proposed 20 bytes [2], Huawei proposed 6 bytes [9], Ericsson proposed 12 bytes. Companies are encouraged to take the proposal from Ericsson (i.e. 12 bytes) as the compromise value.
To save the simulation workload and for simplicity, the following proposal is made:     
Proposal 2.3-1: Set 40 bytes as the packet size for factory automation in the table of representative use cases for evaluation.    
1. Additional 12 bytes header overhead is assumed in the evaluation.  
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  Traffic model  
A few companies shared further consideration on the traffic model for factory automation [2][5][7][10]. MediaTek [5] proposed to remove aperiodic traffic model for factory automation. CATT [7] mainly prefer periodic traffic model for evaluation. Qualcomm, Nokia, ASB, Intel [2] feels that aperiodic traffic model should be included also and Intel [10] proposed Poisson arrival using FTP model 2 for aperiodic traffic model.    
Feature lead view and suggestion:
It seems the views are a little bit divergent. For compromise and progress maybe we can still list both here for now. 
Proposal 2.3-2: FTP mode 2 is used for aperiodic traffic model for factory automation.  
In addition, Intel [10] raised a good point that further discussion is needed on how to model random offsets between different UEs for periodic traffic model for factory automation. Two options below are provided in [10]: 
· Periodic Type-1: With independent uniformly distributed random offset. In this case, each UE starts transmission/reception with a random packet arrival offset distributed between 0 and the arrival period.
· Periodic Type-2: With pre-planned offset distribution. In this case, the offset may be selected by a scheduler for each UE in the beginning of a simulation run. The motivation behind such a scheme is an assumption that in the confined factory area, the transmission/reception schedule for sensors/actuators may be pre-planned in order to optimize performance.

Proposal 2.3-3: For periodic traffic model for factory automation, it is assumed that the data for UEs in a group will arrive simultaneously in the evaluations. 
· Data for UEs in different groups can arrive at different time either in a random manner or in a pre-planned manner
· Companies report what manner used in the evaluations 
· Companies can report the number of groups and the number of users in each group used in the evaluations 
· The number of users in a group can be 1

  The number of users per cell
4 and [40] are listed in the current table as shown in [2]. Ericsson [1] prefers only 4 listed in the table. Huawei [9] feels at least 4 should be included. CATT proposed 4 and [10] for factory automation for evaluation. Samsung [11] proposed 10 for factory automation. INL [6] proposed 100 for factory automation. 
Feature lead view and suggestion:
According to the following table in 22.804, the number of users per cell for different specific use cases is much different. For example, for motion control with the requirement of Factories of the Future 2.3, 2.8, 2.10, the number of users per cell is about 4 due to big service area. For motion control with the requirement of Factories of the Future 2.1, 2.2, 2.8 and 2.10, the number of users per cell would be very large due to very small service area.  
For progress and also for more complete scenarios for evaluation and consideration, it may be good for us to list both 4 and 40 here. However, more views from other companies are encouraged.
Proposal 2.3-4: Set both 4 and 40 as the number of users per cell for factory automation in the table of representative use cases for evaluation. 
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Remaining details for Rel-15 enabled use case
Not many companies expressed further views on the values for rel-15 enabled use case as given in the current table of representative use cases for evaluation as shown in [2]. Ericsson [1] proposed only list 32 bytes including 12 bytes overhead and 200 bytes including 16 bytes overhead for Rel-15 enabled use case. 
Feature lead view and suggestion:
For Rel-15 enabled use cases would be as a generic use case, which is helpful to demonstrate that Rel-16 URLLC can be applied to other use cases in addition to transport industry, factory automation and power distribution as defined in the SID. Since it is generic use case, several choices for packet size (e.g. 32 and 200) and several choices for traffic model (e.g. FTP model 2/3 or periodic) should be included, then when companies do the evaluation, can report the combinations. For example, the big packet size like 4096 bytes and 10 k can be combined with a lower requirement on the reliability (e.g. 99.9%) and latency (e.g. 7 ms) to support AR/VR use case.  
Proposal 2.4-1: Remove the bracket on the reliability, air interface delay and packet size for Rel-15 enabled use case (e.g. AR/VR) in the table of representative use cases for selection for evaluation. 
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Summary
Based on section 2.1 to section 2.4, the table of representative use cases for selection for Rel-16 NR URLLC evaluation can be updated as below:  
Proposal 2.5-1: Take the following table as the table of representative use cases for selection for Rel-16 NR URLLC evaluation.
	Use case
(Clause #)
	Reliability (%)
	Latency (ms)
	Data packet size  and traffic model
	Description 

	Transport Industry
(22.186: 5.5)
	99.999
	[5] (end to end latency)
	The following options can be considered: 

Option 1: 10 ms, 1370 bytes 

Option 2:  2.5 Mpbs for UL, 720p@60fps; 1Mbps for DL

Option 3: Scaling factor*25 Mbps for UL, 1 Mbps for DL



	Remote driving 


	Power distribution
(22.804:5.6.4 &5.6.6)
	99.9999
	5(end to end latency)

Note: [1-3] ms air interface latency 
	DL & UL:
[100] byte 

ftp model 3 with arrival interval [100]ms
	Power distribution grid fault and outage management 

	
	99.999 
	15(end to end latency)

Note: [6-7] ms air interface latency
	DL & UL:
250 byte  
Periodic and deterministic with arrival interval 0.833 ms

Random offset between UEs 

	Differential protection

	Factory automation

	99.9999
	2(end to end latency)

Note: 1 ms air interface latency 
	DL & UL:
32 bytes
Periodic deterministic traffic model with data arrival interval 2 ms
Note: UL and DL simulation is independent 
	Motion control

	
	
	Less than 30 (end to end latency),
	DL & UL:
32 bytes
aperiodic traffic model
	Mobile control panels for safety functions

	Rel-15 enabled use case (e.g. AR/VR)  
	99.999 
	1ms (air interface delay) for 32

1 ms, 4 ms (air interface delay) for 200 bytes 
	DL & UL:
32, 200 bytes 

FTP model 3 or periodic with different arrival rates
	

	
	99.9
	7ms (air interface delay)
	4096, 10 K
FTP model 3 or periodic with different arrival rates
	


· Note: The above packet size already includes header overhead.


Conclusion: 
PDCP duplication is not evaluated in RAN1 in this study item. 
PDCP duplication is not always available/applicable. 
Rel-15 higher layer mechanisms PDCP duplication may be applicable for improving reliability. 


Remaining assumptions for system level evaluation  
This section summarized the remaining assumptions for system level evaluation.  
Performance metric
According to the summary of the email discussion [2], the following two options were identified applicable for Rel-16 NR URLLC evaluation:
· Option 1: Percentage of users satisfying reliability and latency requirements
· Applicable for the case with fixed number of UEs and fixed traffic model per UE 
· Option 2: URLLC capacity as defined in TR 38.802
· Applicable for the case that the number of UEs and/or the data arrival rate is adjustable 
· FFS the value of X (e.g. 5% or 0%) 
Several companies shared further views on the above two options [1][2][5][7][9][10][11][12]. Ericsson [1] proposed some modification for option 2 for evaluating multiplexing of eMBB and URLLC service and Samsung [11] proposed to clarify on the definition of UE in outage. Updated version according to Ericsson and Samsung proposal are as below: 
	-	URLLC capacity and URLLC / eMBB multiplexing capacity
-	Definition: URLLC system capacity is calculated as follows:
-	C(L, R) is the maximum offered cell load under which Y% of URLLC UEs in a cell operate with target link reliability R under L latency bound
-	X = (100 – Y) % is the percentage of UEs in outage
-	A UE in outage is defined as the UE can not meet both latency L and link reliability R bound
-	Companies report their assumption on X
- 	Companies report their assumption on the number of eMBB UEs deployed together with the URLLC UEs



It seems the above modification is reasonable, especially considering we need to evaluate inter-UE and possible intra-UE multiplexing.    
In addition, several companies (e.g. LG, MediaTek, Sony, Qualcomm) shared the views that the value of X should be fixed. But it seems there are still different views on whether to set to 5% or 0%. At least Qualcomm, MediaTek, Huawei support the value of X is set to 0% while at least LG and Sony support the value of X is set to 95%.  
Between option 1 and option 2, the majority view is to support option 2. In addition, at least Nokia and Intel shared the views that both options should be kept and up to companies to select the appropriate performance metric for evaluation.    
Feature lead view and suggestion:
It seems more feasible to keep both performance metrics for now and leave it to companies to select the appropriate performance metric for evaluation. On the one hand, different options can be applicable for different use case. For example, option 1 is better for power distribution considering both the number of users and data arrival rate are fixed. On the other hand, one challenging point for option 2 is that it will increase the simulation workload a lot, because different number of users and/or different data arrival rate may need to be evaluated. Therefore, it may be better to leave more room for companies to choose.  

Proposal 3.1-1: The performance metric for Rel-16 NR URLLC evaluation is either option 1 or option 2 below depending on the use case for evaluation:
· Option 1: Percentage of users satisfying reliability and latency requirements
· Applicable for the case with fixed number of UEs and fixed traffic model per UE 
· Option 2: URLLC capacity as defined in TR 38.802 with the modification as below:
	-	URLLC capacity and URLLC / eMBB multiplexing capacity
-	Definition: URLLC system capacity is calculated as follows:
-	C(L, R) is the maximum offered cell load under which Y% of URLLC UEs in a cell operate with target link reliability R under L latency bound
-	X = (100 – Y) % is the percentage of UEs in outage
-	A UE in outage is defined as the UE can not meet both latency L and link reliability R bound
-	Companies report their assumption on X (e.g. 5% or 0%) 
- 	Companies report their assumption on the number of eMBB UEs deployed together with the URLLC UEs


· Applicable for the case that the number of UEs and/or the data arrival rate is adjustable
· Adjusting the number of UEs should be applied to periodic deterministic traffic model 
· The value of X can be decided in the next meeting 

Remaining assumptions for power distribution 
  Antenna configuration
As shown in [2], the simulation assumptions for power distribution were agreed with FFS on the antenna configurations. Several companies shared further views on the antenna configurations [1][2][11]. Note that the following options are set for 4GHz. As to the potential antenna configurations for 700 MHz or 2 GHz or 30 GHz, companies could report the detailed configuration. 
Summary of the positions for BS antenna configuration for power distribution:
· Option 1:  4T/4R antenna ports. Higher BS antenna configurations for evaluation are not precluded
· Qualcomm, Intel, Motorola Mobility, CATT, NTT DOCOMO, Huawei, HiSilicon  
· Option 2: Up to 32T/32R antenna ports and >= 16T/16R 
· Ericsson
In addition, Ericsson proposed that companies can report information on tilt.

Summary of the positions for UE antenna configuration for power distribution:
· Option 1:  2T/4R antenna ports. Higher UE antenna configurations for evaluation are not precluded.
· Qualcomm, Intel, Motorola Mobility, CATT, NTT DOCOMO, Huawei, HiSilicon
· Option 2:  Up to 4T/4R antenna ports 
· Ericsson, 
· Option 3:  Up to 1T/4R antenna ports for AR/VR 
· INL
Feature lead view and suggestion:
During the email discussion, companies mentioned that 4 Rx is mandatory for 4 GHz. Therefore, it would be reasonable to set 4 Tx/4 Rx antenna ports at gNB side and 2 Tx/4 Rx antenna ports at UE side as baseline. Higher BS antenna configurations and other UE antenna configurations are not precluded.  
Proposal 3.2-1: Take the BS antenna configuration of 4 Tx/4 Rx antenna ports and the UE antenna configuration of 2 Tx/4 Rx antenna ports as the baseline for evaluation for power distribution. Update the BS antenna configuration and UE antenna configuration for power distribution as below:
	Parameters
	Value

	BS antenna configuration
	4 Tx/4 Rx antenna ports, 8 Tx/8 Rx antenna ports
dH = 0.5λ, dV = 0.8λ;
Companies report the antenna tilt 
Note: Higher BS antenna configurations for evaluation are not precluded. 
For 4 Tx/4 Rx antenna ports: (M, N, P, Mg, Ng; Mp, Np, P) = (8, 4, 2, 1, 1; 1, 2, 2) 
For 8 Tx/8 Rx antenna ports: (M, N, P, Mg, Ng; Mp, Np, P) = (8, 4, 2, 1, 1; 1, 4, 2) 

	UE antenna configuration
	2 Tx/4 Rx antenna ports
Panel model 1: Mg=1, Ng=1, P=2, dH=0.5
Note: Higher UE antenna configurations for evaluation are not precluded

For 4 Rx: (M, N, P, Mg, Ng; Mp, Np, P) = (1, 2, 2, 1, 1; 1, 2, 2) 
For 2 Tx: (M, N, P, Mg, Ng; Mp, Np, P) = (1, 2, 2, 1, 1; 1, 1, 2)




Note: 
BS/UE antenna configuration for all use cases will be discussed and decided in MIMO session within this week. The use cases here include power distribution, factory automation, Rel-15 enabled use case (e.g. AR/VR) and remote driving.   

  Other considerations  
Ericsson [1] proposed to further clarify for UE distribution by adding “Stationary UE. Use 3 km/h for modeling fading channel”, which is a reasonable clarification.  
Proposal 3.2-2: Update UE distribution for power distribution as below:
	Parameters
	Value

	UE distribution
	100% of users are outdoors 
Stationary UE. Use 3km/h for modeling fading channel



In addition, Ericsson proposed to change ISD to 150 m and set the number of users per cell to 4. Both changes were discussed during the email discussion, thus better to keep the outcome from the email discussion. 
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Remaining assumptions for factory automation 
  Antenna configuration
As shown in [2], the simulation assumptions for factory automation were agreed with a few points for FFS. Several companies shared further views on the antenna configurations [1][2][11]. Note that the following options are set for 4GHz. As to the potential antenna configurations for 700 MHz or 2 GHz or 30 GHz, companies could report the detailed configuration. 
Summary of the positions for BS antenna configuration for power distribution:
· Option 1:  4T/4R antenna ports. Higher BS antenna configurations for evaluation are not precluded
· Qualcomm, Intel, Motorola Mobility, CATT, NTT DOCOMO, Huawei, HiSilicon  
· Option 2: Up to 32T/32R antenna ports and >= 8T/8R 
· Ericsson, 
· Option 3: 32 TXRU per TRxP 
· Samsung

Summary of the positions for UE antenna configuration for power distribution:
· Option 1:  2T/4R antenna ports. Higher UE antenna configurations for evaluation are not precluded.
· Qualcomm, Intel, Motorola Mobility, CATT, NTT DOCOMO, Huawei, HiSilicon
· Option 2:  Up to 4T/4R antenna ports 
· Ericsson, 
· Option 3:  Up to 1T/4R antenna ports for AR/VR 
· INL
Feature lead view and suggestion:
During the email discussion, companies mentioned that 4 Rx is mandatory for 4 GHz. Therefore, it would be reasonable to set 4 Tx/4 Rx antenna ports at gNB side and 2 Tx/4 Rx antenna ports at UE side as baseline. Higher BS antenna configurations and other UE antenna configurations are not precluded.  
Proposal 3.3-1: Take the BS antenna configuration of 4 Tx/4 Rx antenna ports and the UE antenna configuration of 2 Tx/4 Rx antenna ports as the baseline for evaluation for factory automation. Update the BS antenna configuration and UE antenna configuration for factory automation as below:
	BS antenna configurations
	4 Tx/4 Rx antenna ports
(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH = dV = 0.5 λ for 4GHz
Note: Higher BS antenna configurations for evaluation are not precluded

	UE antenna configuration
	2 Tx/4 Rx antenna ports
Panel model 1: Mg = 1, Ng = 1, P = 2, dH = 0.5
Note: Higher UE antenna configurations for evaluation are not precluded
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  BS antenna height  
Ericsson [1] proposed to set 10 m as the BS antenna height. 
Feature lead view and suggestion:
It can be expected that several parameters like layout, BS antenna height and channel model may need to be extended to better match industrial facilities characteristic. At this stage, it would be hard to discuss and agree on a certain value for the related parameters. Therefore, it would be good to take the ones defined in 38.901 and 38.802 as the baseline then companies could report the modification if any. According to the TR 38.802, 3 m BS antenna height is defined for indoor hot-spot. 
Proposal 3.3-2: Update the BS antenna height for factory automation as below:
	BS antenna height
	3 m
Note: Companies report the modification of the layout
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  Layout   
Ericsson [1] proposed to set (3, 6, 12) BSs per 120 m x 50 m as the layout for factory automation. Samsung mentioned 480 m x 200 m possible also in addition to 120 m x 50 m.  
Feature lead view and suggestion:
It can be expected that several parameters like layout, BS antenna height and channel model may need to be extended to better match industrial facilities characteristic. At this stage, it would be hard to discuss and agree on a certain value for the related parameters. Therefore, it would be good to take the ones defined in 38.901 and 38.802 as the baseline then companies could report the modification if any. According to the TR 38.802, (3, 6, 12) BSs per 120 m x 50 m is defined for indoor hot-spot. 
Proposal 3.3-3: Update the layout for factory automation as below:
	Layout
	Single layer as defined in 38.802
Indoor floor: (3, 6, 12) BSs per 120 m x 50 m

Note: Companies report the modification of the layout 
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  Other considerations    
Ericsson [1] and Intel [10] proposed to remove 20 m ISD as it may depend on the layout.  
Feature lead view and suggestion:
It can be expected that several parameters like layout, BS antenna height and channel model may need to be extended to better match industrial facilities characteristic. At this stage, it would be hard to discuss and agree on a certain value for the related parameters. Therefore, it would be good to take the ones defined in 38.901 and 38.802 as the baseline then companies could report the modification if any. According to the TR 38.802, 20 m is defined for indoor hot-spot. 
Proposal 3.3-4: Update the Inter-BS distance for factory automation as below:
	Inter-BS distance
	20m
Note: Companies report the modification of the Inter-BS distance if any 
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Remaining assumptions for remote driving  
According to the summary of email discussion [94-NR-06] on additional simulation assumptions, it was proposed to further discuss the simulation assumptions on the additional parameters for remote driving [2]. Companies are encouraged to check the following proposal:
Proposal 3.4-1: Further discuss the simulation assumptions on the additional parameters for remote driving. Take the following tables as the starting point for further discussion:
 Table a: Additional assumptions for Urban Macro for remote driving
	Parameters
	Value

	Layout
	Single layer - Macro layer: Road configuration in Figure 6.1.9-1 in 38.913 and BS placement as depicted in Figure A.1.3-1 in 36.885.

	Inter-BS distance
	500m

	Carrier frequency
	4 GHz

	Simulation bandwidth
	40 MHz

	Channel model 
	UMa in TR 38.901

	UE Tx power
	23dBm

	BS antenna configurations
	4 Tx/4 Rx antenna ports 
(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1);
dH = 0.5λ, dV = 0.8λ;
102 degree for 500m ISD
Note: Higher BS antenna configurations for evaluation are not precluded

	BS antenna height
	25m

	BS antenna element gain + connector loss
	8 dBi

	BS receiver noise figure
	5dB

	UE antenna configuration
	2 Tx/4 Rx antenna ports 
Panel model 1: Mg=1, Ng=1, P=2, dH=0.5
Note: Higher UE antenna configurations for evaluation are not precluded

	UE receiver noise figure
	9 dB

	UE antenna height
	1.6m (Type 2 vehicle UE type in 37.885)

	Total transmit power per TRxP
	49 dBm 

	UE distribution
	Similar as Option A in 37.885
- Vehicle type distribution: 100% vehicle type 2.
- Vehicle speed is 60 km/h in all the lanes.

	Parameters with the value not defined in 37.885

	SCS 
	30 kHz
Note: Other values for evaluation are not precluded.

	Number of UEs for remote driving per cell
	Up to 2
Note: Higher value is not precluded 

	UE power control
	Companies report the PC mechanisms used for URLLC. 

	HARQ/repetition
	Companies report (including HARQ mechanisms).

	Channel estimation
	Realistic

	BS receiver
	MMSE-IRC as the baseline receiver
Note: Advanced receiver is not precluded.



Table b: Different assumptions for Highway for remote driving compared to Urban Macro
	Parameters
	Value

	Layout
	Single layer - Macro layer: Straight line BS placement with Road configuration in 36.885.

	Inter-BS distance
	1732m

	BS antenna height
	35m

	UE distribution
	Similar as Option A in 37.885
- Vehicle type distribution: 100% vehicle type 2.
- Vehicle speed is 140 km/h in all the lanes.
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Remaining assumptions for Rel-15 enabled use case 
Intel [10] raised a good point that remaining assumptions for Rel-15 enabled use case needs to be further discussed also, and proposed to reuse the setting for power distribution with some modification (i.e. indoor and outdoor to 20% and 80%) for UE distribution. And indoor penetration loss also needs to be discussed.  
Feature lead view and suggestion:
It seems reasonable to reuse the simulation assumptions for power distribution as much as possible for Rel-15 enabled use case with necessary modification. Companies are encouraged to check the following proposal from Intel:
Proposal 3.5-1: Take the simulation settings in the following table as the starting point for Rel-16 NR URLLC system level evaluation for Rel-15 enabled use case:
	Parameters
	Value

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	500m
Note: Other value (e.g. 150 m) is not precluded

	Carrier frequency
	4 GHz

	Channel model 
	UMa in TR 38.901

	UE Tx power
	23dBm

	BS antenna configurations
	4 Tx/4 Rx antenna ports
(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1);
dH = 0.5λ, dV = 0.8λ;
102 degree for 500m ISD 
Note: Higher BS antenna configurations for evaluation are not precluded

	BS antenna height
	25m

	BS antenna element gain + connector loss
	8 dBi

	BS receiver noise figure
	5dB

	UE antenna configuration
	2 Tx/4 Rx antenna ports 
Panel model 1: Mg=1, Ng=1, P=2, dH=0.5
Note: Other UE antenna configurations for evaluation are not precluded

	UE antenna height
	Follow the modelling of TR 38.901 (e.g. 1.5m)

	UE antenna gain
	0dBi as starting point

	UE receiver noise figure
	9 dB

	Total transmit power per TRxP
	49 dBm 

	BS receiver
	MMSE-IRC as the baseline receiver
Note: Advanced receiver is not precluded.

	Parameters with the value not defined in 38.802

	Number of UEs per cell
	Up to 20 

	Simulation bandwidth 
	40 MHz

	SCS 
	30 kHz
Note: Other values for evaluation are not precluded. 

	UE distribution
	80% of users are outdoors and 20% of users are indoors 
Indoor penetration loss is modelled according to low loss 

	UE power control
	Companies report the PC mechanisms used for URLLC. 

	HARQ/repetition
	Companies report (including HARQ mechanisms).

	Channel estimation
	Realistic



	Company
	View

	
	

	
	

	
	

	
	



Other considerations  
  Evaluation on multiplexing of eMBB and URLLC UEs  
MediaTek [5] and Intel [10] mentioned that for evaluating multiplexing of eMBB and URLLC, the simulation assumptions for eMBB needs to be further discussed also. 
As to traffic model for eMBB service, MediaTek proposed to take that defined in Table A 2.4-1 in TR 38.802. Intel proposed to set FTP model 3 with 0.5 Mb file size or as a full buffer for eMBB service. Compared to Intel proposal, 0.1 Mb file size is also included in Table A2.4-1. To save the simulation workload, it seems good to take the proposal from Intel as the baseline.
Companies are encouraged to check more details related to other parameters like performance metric for eMBB and eMBB service loading in [5][10]. 
Proposal 3.6-1: For evaluating multiplexing of eMBB and URLLC UEs sharing the same carrier,
· Take FTP model 3 with 0.5 Mb file size or full buffer as the traffic model for eMBB
· Companies describe eMBB UE dropping and eMBB service loading
· Evaluate spectral efficiency for eMBB UEs
· Other simulation assumptions for eMBB are the same as that for URLLC  
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  Other additional simulation assumptions   
According to the summary of email discussion [94-NR-06] on additional simulation assumptions, the following proposal was agreed: 
1. FFS whether to describe the following assumptions: 
1. Duplex mode: FDD or TDD (DL/UL configuration) 
1. Re-dropping or discarding UEs which do not satisfy certain channel quality if any 
1. Blockage due to moving metal parts for channel model for factory automation 
1. Other assumptions like TTI size, gNB/UE processing time, CSI measurement and reporting
According to the email discussion and the contributions submitted to RAN1#94bis meeting, all of the above bullets are mentioned or proposed by some companies. Therefore, it is proposed that companies should report all the above assumptions.
In addition, during the email discussion, companies raised the question on whether to evaluate other carrier frequency like 700 MHz, 2 GHz and 30 GHz. The discussion focus on 4 GHz is mainly to reduce the simulation workload. This doesn’t preclude any evaluation or study based on other carrier frequency. Therefore, companies could report detailed assumptions for 700 MHz, 2 GHz and 30 GHz if used for evaluation. 
In addition, DOCOMO [12] proposed detailed simulation assumptions for system level simulation and link level simulation for 30 GHz. Companies are encouraged to check the details and use same configuration if possible if evaluation of 30 GHz are evaluated.
In addition, Nokia [8] provided detailed thinking on the modification of channel model for indoor hot-spot. Considering it will be discussed under the new approved SI on channel model and also RAN conclusion is that the new approved SI on channel model won’t have impact on the ongoing SI like URLLC, we may need to skip the detailed discussion here and leave it for companies to report the modification if any. Companies are encouraged to check the details in [8] and use same configuration if possible and appropriate. 
Proposal 3.6-2: Companies describes the following assumptions for evaluation:  
· Duplex mode: FDD or TDD (DL/UL configuration) 
· Re-dropping or discarding UEs which do not satisfy certain channel quality if any 
· Blockage due to moving metal parts for channel model for factory automation 
· Other assumptions like TTI size, gNB/UE processing time, CSI measurement and reporting
· Detailed assumptions for carrier frequency 700 MHz, 2 GHz and 30 GHz if evaluation is performed based on these carrier frequencies 
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Assumptions for Link level evaluation  
In addition to system-level simulation, link-level simulation may be needed for URLLC evaluation. For link-level simulation, the assumptions for different use cases seems not so divergent, thus we can sort the scenarios as urban macro and indoor hot-spot.   
Link level simulation assumptions for Urban Macro
[bookmark: OLE_LINK36]According to the summary of email discussion [94-NR-06] on additional simulation assumptions, it was proposed to further discuss the simulation assumptions on the simulation assumptions for some basic parameters for link-level simulation [2]. In addition, Samsung [11], Ericsson [1] and DOCOMO [12] also provide further views on link level simulation assumptions. DOCOMO mainly provide link level simulation for 30 GHz. Ericsson provided link-level simulation for factory automation and power distribution.  
Considering that link-level simulation assumption highly rely on the channel or schemes for evaluation, it would be good that here we only discuss the assumptions for some basic parameters. For other parameters companies can report the detailed setting. 
For carrier frequency, it is proposed to only discuss the details for 4GHz here. For other carrier frequency like 700 MHz, 2 GHz and 30 GHz, companies can report the detailed settings for evaluation. 
In addition, the assumptions for link-level simulations could reuse the same definition for system level evaluation as much as possible, e.g. for antenna port configuration. 
Considering the above discussion, companies are encouraged to check the following proposal from the email summary.
Proposal 4.1-1: Further discuss the simulation assumptions for some basic parameters for link-level simulation. Take the following table as an example as the starting point for further discussion for urban macro:  
	Parameter
	Value

	Carrier frequency for evaluation
	4GHz

	Channel model
	TDL-C (delay spread: 300ns)  as in 38.901

	Deployment
	Urban macro as listed in 3GPP 38.802

	UE speed
	3 km/h, 60 km/h, 140 km/h

	BS TX antenna configuration
	4 Tx ports

	BS RX antenna configuration
	4 Rx ports

	UE TX antenna configuration
	2TX ports

	UE RX antenna configuration
	4 RX ports 

	System bandwidth
	40 MHz

	Sub-carrier spacing
	30 kHz
Note: Other values for evaluation are not precluded. 

	Channel estimation
	Practical

	Receiver type
	MMSE

	Q value (i.e. SINR range) 
	Companies could report the Q value (e.g. could consider the one from ITU evaluation)



	Company
	View

	
	

	
	

	
	

	
	



Link level Simulation assumptions for Indoor hot-spot 
According to the summary of email discussion [94-NR-06] on additional simulation assumptions, it was proposed to further discuss the simulation assumptions on the simulation assumptions for some basic parameters for link-level simulation [2]. In addition, Samsung [11], Ericsson [1] and DOCOMO [12] also provide further views on link level simulation assumptions. DOCOMO mainly provide link level simulation for 30 GHz. Ericsson provided link-level simulation for factory automation and power distribution.  
Considering that link-level simulation assumption highly rely on the channel or schemes for evaluation, it would be good that here we only discuss the assumptions for some basic parameters. For other parameters companies can report the detailed setting. 
For carrier frequency, it is proposed to only discuss the details for 4GHz here. For other carrier frequency like 700 MHz, 2 GHz and 30 GHz, companies can report the detailed settings for evaluation. 
In addition, the assumptions for link-level simulations could reuse the same definition for system level evaluation as much as possible, e.g. for antenna port configuration. 
Considering the above discussion, companies are encouraged to check the following proposal from the email summary. 
[bookmark: OLE_LINK44][bookmark: OLE_LINK37]Proposal 4.2-1: Further discuss the simulation assumptions for some basic parameters for link-level simulation. Take the following table as an example as the starting point for further discussion for indoor hot-spot:  
	Parameter
	Value

	Carrier frequency for evaluation
	4GHz

	Channel model
	Baseline: TDL-D (delay spread: 30ns)  as in 38.901
Note: Companies report the modification of the channel model

	Deployment
	Baseline: Indoor hot-spot as listed in 3GPP 38.802
Note: Companies report the modification of the channel model

	UE speed
	3 km/h, 30 km/h

	BS TX antenna configuration
	4 Tx ports

	BS RX antenna configuration
	4 Rx ports

	UE TX antenna configuration
	2TX ports

	UE RX antenna configuration
	4 RX ports 

	System bandwidth
	40 MHz

	Sub-carrier spacing
	30 kHz
Note: Other values for evaluation are not precluded.  

	Channel estimation
	Practical

	Receiver type
	MMSE

	Q value (i.e. SINR range) 
	Companies could report the Q value 


· [bookmark: OLE_LINK10]Evaluation of 30 GHz carrier frequency is not precluded. 
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